Results
Of the 350 deaths of women of fertile age, 32% were maternal and it seems unlikely that a significant proportion of maternal deaths have not been classified correctly. Using the diagnostic algorithm 70% could be given a specific diagnosis, the most important causes being postpartum haemorrhage (42% [29/69]), obstructed labour (19% [13/69]), and puerperal infection (16% [11/69]). We attempted to identify the factors that are critical for obtaining sufficient information to reach a diagnosis. In the univariate analyses, it was important whether the respondent had been present during the last illness (P = 0.04) and whether the death occurred more than one week after delivery (P = 0.04). The husband was a better respondent than a co-wife (P = 0.08), and men in general provided more specific information than women (P = 0.08). Furthermore, information appeared to be better if the woman had died in the rainy season (P = 0.08). The length of the recall period, parity, age of woman, place of death, rural/urban residence, and ethnic group were not decisive. In the multivariate analysis sex and presence of respondent and time after delivery were significantly associated with the risk of not reaching a specific diagnosis. Women are less likely to provide adequate information for a diagnosis than men (odds ratio [OR] 3.1; 95% confidence interval [CI] : 1.2-8.1). Respondents that did not reside in the village during the departed woman's illness/delivery carried equal risk of not reaching a conclusion (OR 3.1; CI : 1.1-9.1). Deaths occurring more than one week after delivery were also less likely to be classified (OR 6.1; CI : 1.7-22.0).
Conclusion
The VA described in the present paper left 30% of the maternal deaths unclassified without a specific diagnosis. Had all interviews been with husbands, only 14% would have remained unclassified. If we had only asked people who were present during the terminal phase of the victim's illness the proportion of Maternal mortality is the most important cause of death among women of fertile age in most developing countries, and is the indicator which most clearly illustrates the enormous and still growing difference in living conditions between rich and poor countries. 1, 2 WHO estimates that 500 000 women die annually in connection with pregnancy and childbirth, and that 99% of these deaths occur in developing countries. The worst conditions are found in West African countries, south of the Sahara, and the populations hardest hit in these countries are poor, rural women. 3 The high maternal mortality ratio of approximately 1/100 is aggravated by high total fertility rates of 6-8 children, which means that these women have a lifetime risk of death related to childbirth of 1 in 20 compared 1 in 10 000 for their European sisters. 1 Even in areas with very high maternal mortality, the death of a woman in childbirth or during pregnancy tends to be a rare event, requiring very large samples to make accurate estimates of levels and causes. Therefore, most studies of maternal mortality in countries with inadequate civil registration systems are based on hospital statistics and fragmentary information from health centres.
In order to be able to allocate limited resources to the most effective programmes it is important for decision-makers in these deprived areas to have access to reliable data on the magnitude and causes of maternal mortality. In areas where cultural barriers impede collection of reliable retrospective data, it is essential to conduct prospective surveys, by which women are registered during pregnancy so that the result of the pregnancy can be ascertained.
Since the majority of births, and of birth-related deaths, occur at home without the involvement of a medically trained person, a medical diagnosis is hardly ever made in connection with these deaths. In these circumstances there is, of course, no possibility of performing an autopsy. Consequently, postmortem interviews have been developed; applied to people who were in close contact with the deceased during the period leading up to death, it can be a useful tool in identifying the cause of death. [4] [5] [6] In a review of eight studies of maternal/ reproductive age mortality analysed by Chandramohan et al. 7 the method for obtaining a diagnosis was unreported in two studies and assessed by a physician in six. They concluded that although the derivation of a diagnosis at this stage by medical interviewers without algorithms may reduce the proportion of deaths which remain unclassified, it is likely that the repeatability of the diagnosis will be low if the diagnosis is derived without algorithms. Different sets of such diagnostic algorithms and flow-charts have been made. 8, 9 We have attempted to develop standard criteria which, after being tested and adapted to conditions in multi-ethnic, rural populations, could be applied by medical assistants (nurse, midwife) with a basic training to ascertain the cause of death as a necessary element in the national programme for reproductive health.
Populations and Methods

Cohort of women of fertile age
To achieve reliable data from a large number of pregnancies, 100 clusters of 100 women of fertile age were chosen randomly with 20 clusters in each of the five northern regions of GuineaBissau with approximately 82% of the population in the country living outside the capital. These women were visited at 6-monthly intervals over a period of more than 6 years from 1989 to 1996. In this period, 350 women of fertile age died.
Verbal autopsy procedures
In 1996 and early 1997 we visited the household of the deceased and made an effort to find the closest relative, preferably female, and the birth attendant if the death was associated with delivery. Once gathered, we applied a structured interview. The interview consisted of a questionnaire which first addressed common issues like place of death, care-seeking behaviour and the respondent's relation to the deceased. If the death occurred during pregnancy or within 42 days of childbirth, the interviewer would continue filling in the section of the questionnaire concerning vaginal haemorrhage, discharge, fever, abdominal pain and convulsions. Combined with information on the duration of labour and the length of time between death and labour, this would then guide the interviewer to one or more of seven modules containing further questions about symptoms and signs preceding the death. In this way it was possible to eliminate irrelevant questions from the interview. The final diagnosis was derived using pre-defined diagnostic algorithms (Table 1) , which are standard criteria based on the duration, severity and sequence of symptoms.
Each definite, positive response in the relevant diagnosis group was assigned a score reflecting the importance of this element in the diagnosis; the diagnostic likelihood could then be derived. If the conditions for 'possible' or 'probable' were met, it was registered as a direct obstetric death. If the conditions classified deaths would have risen from 70% to 75%. It is likely that delayed maternal deaths have not been adequately covered by the present algorithms, but they may also simply be more difficult to describe due to the duration of the disease episode. In contrast to methods by which cause of death is established by a panel of medical experts, the present VA should be economically and technically viable in areas where health workers have only minimal training.
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were fulfilled for two causes, the underlying cause was selected for statistical analysis. In case of violence, accident or suicide the death was classified as coincidental. In cases of clear positive symptoms of a non-gynaecological/obstetric nature the death was categorized as indirect obstetric. If the interview yielded inadequate information to meet one of the criteria above the case was categorized as uncertain. During the field study we found it necessary to introduce an eighth module, 'others', for special cases which were clearly obstetric but not covered by the seven other specific modules.
In the study area more than six tribal languages are spoken as well as Creole, the common lingua franca in Guinea-Bissau, and most of these do not have a standard written language. The questionnaire was therefore designed in Portuguese, which all the interviewers master, and it was then translated freely during the interview. This meant that the interviewer could incorporate known tribal phraseology in his questioning. In addition to deriving a diagnosis, the interview was designed to uncover to what extent the deceased had used the health facilities during her last illness and what actions her family had taken. There were two interviewers present at each visit: a local assistant, who took care of routine data collection, and an expatriate researcher. When the main respondents only spoke a tribal language in which none of the assistants were proficient, a local person was also present to translate between the tribal language and Creole. If the information suggested that the death was maternal, the family was visited on a later occasion by one of us (LH) who checked the symptomatology and classified the cause of death by using the algorithms detailed below.
Before the interviews started we attempted to rank the relationship that the respondent could have to the deceased: 1) co-wife; 2) husband; 3) female member of the deceased's family; 4) female member of the husband's family; 5) male member of the deceased's family; 6) male member of the husband's family; and 7) neighbours. If a traditional birth attendant or the village health worker were present they were ranked high. If the death occurred at a regional hospital, the hospital was visited in the hope of finding hospital records, although this was seldom possible.
Data analysis
The univariate analyses of Table 2 were carried out using the EPIINFO Version 6. A level of significance of 0.10 was selected for including variables in a logistic multivariate model performed by SPSS for Windows, release 8.0.0. The model was reduced by backward stepwise regression analyses (using the same value for P).
Results
Reproductive age mortality
During the study period 15 832 women were followed for 60 123 person-years-at-risk (PYR). These women gave birth to 13 695 liveborn children, 50.1% male, 49.6% female, and 0.3% did not have gender reported. There were 520 cases of stillbirth and a further 479 children died during the first 7 days of life. Three-hundred-and-fifty women died while included in the study, resulting in a reproductive age mortality of 5.8/1000 years.
One-hundred-and-eleven (32%) of the deaths occurred during pregnancy, or could be placed certainly within the defined 42 days after childbirth or miscarriage. A further 6 (1.7%) could be placed between one and two 'moons' after childbirth, but it was not possible to establish whether it was before the 42 day postpartum limit or in the 42-60 day period. A further 27 (7.7%) women died in the period 60-180 days after childbirth/ miscarriage, and 203 (58%) of the deceased had either never been pregnant, or were last pregnant more than 6 months previously. In three cases there was insufficient information on the pregnancy status/obstetric history for a classification to be made.
Acute and late maternal death within 6 months of delivery occurred mainly among younger women, 65% (95/144) were Ͻ30 years of age. If the analysis was limited to the 281 deceased women Ͻ40 years of age, maternal deaths constituted 40% of female deaths.
Of the 111 deaths classified as maternal, 78 (70%) could be further categorized as direct obstetric, indirect obstetric or coincidental mortality; in 33 (30%) cases the diagnosis was not sufficiently clear for this distinction to be made. Of the cases which could be classified, six (5% of 111) were indirect maternal deaths and three were coincidental. For the remaining 69 cases, a possible (22) or a probable (47) gynaecological/obstetric diagnosis could be ascribed. The most frequent diagnosis was postpartum haemorrhage (29 cases, 42%), followed by obstructed labour (13, 19%) and puerperal infection (11, 16%). Six cases were attributed to miscarriage complications (9%), four were due to eclampsia (6%), two to antepartum haemorrhage (3%) and one to ectopic pregnancy (1%). Three were categorized as 'Others'; one due to self-poisoning to provoke an abortion, and two died shortly after a Caesarean, which was apparently not justified by another pathology. The indirect maternal death causes were in four instances febrile illness without gynaecological symptoms (malaria, pneumonia), one case of diarrhoea/ dysentery, and one woman reportedly died without any symptoms. The deaths classified as coincidental were due to violence (two cases) and snake-bite (one case).
Factors influencing quality of information
The recall-period varied from one month to 7.8 years with a mean of 2.4 years. It was only possible to conduct half of the interviews with the highest-ranking respondents, i.e. co-wife (n = 61, 18%) or husband (n = 98, 28%). Bearing in mind the strongly patriarchal hierarchy found in most groups in GuineaBissau, it is not surprising that the second largest group after husbands were older male relatives (fathers, brothers, uncles) (n = 89, 26%). These relatives are mainly to be found on the husband's side (n = 58), because the woman takes residence with the husband's family after marriage. Fifty-six per cent (195) of the main respondents were male and 43% (150) female. The interview situation was the same for maternal deaths as for the total group of female deaths.
We have attempted to assess which factors are important for whether a death remains unclassified, because the respondent cannot supply sufficient information for the cause of death to be derived. Risk factors for inconclusive diagnosis are listed in Table 2 . In the univariate analyses, it will be seen that the highest proportion of unclassified deaths occurred when the husband was not the respondent (P = 0.08), or when the respondent was not present during the terminal illness (P = 0.04), and when death occurred more than one week after delivery (P = 0.03). Men in general provided more specific information than women (P = 0.08) and the information was better if the woman had died in the rainy season (P = 0.08). The length of the recall period, parity, age of women, place of death, rural/urban residence, and ethnic group were not decisive. In the multivariate analysis, sex of respondent, the respondents presence in the village during the terminal phase of the departed's illness and time after delivery were significantly associated with the risk of not reaching a specific diagnosis of the cause of maternal death. Women are less likely to provide adequate information for a diagnosis than men (odds ratio [OR] 3.1; 95% confidence interval [CI] : 1.2-8.1). Respondents that did not reside in the village during the departed woman's illness/delivery carried equal risk of not reaching a conclusion (OR 3.1; CI : 1.1-9.1). Deaths occurring more than one week after delivery were also less likely to be classified (OR 6.1; CI : 1.7-22.0).
Discussion
In the foreseeable future, it is unrealistic to expect maternal deaths in Guinea-Bissau to be evaluated by gynaecological or obstetric specialists. Our aim has been to develop a post-mortem interview technique that will enable a local nurse with basic training to categorize deaths among women of fertile age. The form in which it is presented here, enables a nurse or midwife with limited obstetric experience to derive the cause of death with the help of the specified algorithms. For a nurse or midwife who visits households where a woman of fertile age has died, this form of VA would also gather information about general health conditions. The nurse will even gain knowledge of the factors that may prevent the family or the patient herself from seeking health care. WHO defines a maternal death 10 as 'the death of a woman while pregnant or within 42 days of termination of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or aggravated by the pregnancy or its management but not from accidental or incidental causes'. So the first step is to get information on the deceased's pregnancy status. The precondition then is that the woman herself realized that she was pregnant, and, since the woman in question is dead, that she should have told her confidants. In GuineaBissau this is rarely the case before the third or fourth month when the pregnancy becomes visible. Accordingly, whenever vaginal bleeding was reported, an extra effort was made to ascertain whether the woman was pregnant, but if the answer from all sources was negative, the death was categorized as non-maternal. These cases were without exception women in the older age groups, usually with other symptoms of cancer. It therefore appears unlikely that we have missed very many early pregnancy-related maternal deaths. Hence, the method was capable of categorizing virtually all deaths of women of fertile age as maternal or non-maternal.
The further subdivision of the specific causes leading to maternal deaths proved somewhat more troublesome. Most deaths have multiple causes and according to the International Classification of Diseases (ICD) causes should be reported in the sequence in which they occurred and classified as immediate, underlying and associated causes. In summary tabulations the underlying cause is usually the one listed.
In different settings, however, the cause would probably be ascribed differently. If, for example, pre-eclampsia leads to abruptio placenta and this again leads to antepartum haemorrhage causing the death of the mother, the cause would in our setting probably be reported as antepartum haemorrhage, while in a hospital the same sequence of events would lead to preeclampsia being considered the underlying cause of death.
At a workshop on verbal autopsies (VA) for maternal death 9 this problem was addressed extensively, and 'it was felt that attribution of a single underlying cause would remain very sensitive to subjective opinion'.
In order to avoid this subjectivity in a continous, nationwide collection of data we have constructed the algorithms. These, admittedly, are liable to lead to a number of cases where the lack of specific information leaves the case undetermined, where assessment by a panel of medical experts might reach a conclusion with the information available, but their conclusions would not be reproducible to the same extent.
It is difficult to assess the validity of VA in a precise manner. Autopsies are almost never done in rural settings and no gold standard for comparison exists, since the pattern of maternal mortality could be different in different areas. Our attempt to verify diagnoses for those dying in hospitals were unsuccessful, as no hospitals or health facilities in the study area had records on file that were of any use and death certificates were not issued.
We gained a good deal of experience while trying to implement this simple post-mortem interview. The categorization of borderline cases is complicated by the fact that 42 days is an unnatural limit for traditional rural people in Africa. Time is counted by the moon; so a death may be described as having occurred after the first moon, but before the second moon had passed. It may be more appropriate to use two months/moons as the time limit for maternal deaths.
Before initiating the study, we were convinced that it was important that the respondent was female, as it could be necessary to discuss intimate details such as vaginal discharge and haemorrhage. However, the results showed the opposite; men provided better information than women. The reason is likely to be that in a patriarchy a woman would not report such details to a male stranger without permission from the head of the family, while the patriarch himself speaks more freely.
Even though a death and the course of illness leading up to it are, as a rule, discussed among relatives and neighbours comprehensively and in great detail, the survey shows that people who have been present in the village during the illness are preferable to relatives who have only second-hand knowledge. One of the reasons could well be that these discussions are based on cultural concepts that are totally different from those of a medical questionnaire. A respondent who is well informed by his or her own standards, but relying on such second-hand knowledge, may not be able to answer questions concerning such elementary matters as haemorrhage or temperature. These phenomena, though basic and obvious from a medical point of view, may simply have played no part in that particular culture's conception of illness and death.
Reports of the characteristic symptoms of a death soon after childbirth become more vague as time passes, rendering the classification of cause of death more difficult.
The best procedure is apparently to address the interview to the head of the family, but arrange that he can consult with a group of the women from the household. Had all interviews been conducted with the deceased's husband, our data suggest that only 14% would have remained unclassified.
The impression from field interviews that the most valuable respondents were those present during the terminal illness was borne out by the statistical analysis. Ideally the interview should be performed in the household where the woman gave birth and not where she was registered as resident. However, it was often difficult to get hold of the kind of respondent we wanted. The rural population frequently work some distance from the village, and they travel a good deal to markets, to visit family, etc. With limited resources it was often necessary to interview a person who had only second-hand knowledge of the illness.
The concept of letting the algorithms lead the interviewer to the definite conclusion proved promising, but also had its constraints. There will always be cases that do not fit the questionnaire and it can be difficult for an interviewer with minimal training to determine whether cases that are not 'direct obstetric' or 'coincidental' belong under the heading 'indirect' or 'underived'. Also for distinguishing between underlying and immediate causes the algorithms proved of little help. To make allowance for this would, however, make the questionnaire considerably more complicated and thus counteract the intentions behind this VA. In these cases our practice of having a narrative report of the events proved valuable. Where there is doubt the report is brought back to the supervisor, who may be able to classify the case. Occasionally it may be necessary to return to the deceased's family to clear up doubtful points or perhaps find a new respondent.
There is general agreement that the VA interviewer should speak the respondent's language, and that the questionnaire should be drawn up in the local language. 9 The multi-ethnic situation and the lack of language standardization in GuineaBissau made this impossible. We could not estimate whether language problems affected the number of unclassified maternal deaths, but the ethnic groups did not differ significantly from each other in this respect. However, most Guineans do speak some Creole so interviewers were usually able to find someone they could converse with freely.
In our continuing use of the VA we will contrast the results from the algorithms with an evaluation of the open narrative recorded by the interviewer. Even though a full tribal language version of the questionnaire is not possible, we shall try to obtain a better adaptation to the cultural settings by incorporating the concepts of disease and the varying phraseology of key symptoms. Whenever possible we will perform the interview in the village/household where the death occurred, and not where the woman was married. We will endeavour to find a group of respondents combining the insight of the female relatives with the authority of the male. There is clearly also a need for developing a better understanding of the pathologies of late maternal deaths which occur more than one week and maybe even those which occur in the second and third months after delivery.
